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SUMMARY 

B o l t  Be ranek  and Newman Inc. 

The upper  s u r f a c e  blown f l a p  has been sugges t ed  as a f e a s i b l e  
a l t e r n a t i v e  to t h e  under-the-wing e x t e r n a l l y  blown f l a p  (EBF) f o r  
powered- l i f t  STOL a i r c ra f t .  S ince  n o i s e  may b e  a c o n t r o l l i n g  
f a c t o r  i n  t h e  commercial implementat ion o f  any new a i r c r a f t  con- 
c e p t ,  i t  i s  e s s e n t i a l  to assess t h e  n o i s e  r e d u c t i o n  p o s s i b i l i t i e s  
of v a r i o u s  l i f t  augmentat ion systems p r i o r  t o  e x t e n s i v e  develop- 
ment. T h i s  s tudy  i s  a p r e l i m i n a r y  assessment  of  t h e  b a s i c  
a c o u s t i c  c h a r a c t e r i s t i c s  and n o i s e  r e d u c t i o n  p o t e n t i a l  o f  a n  
upper s u r f a c e  blown f l a p  c o n s i s t i n g  o f  a r e c t a n g u l a r  nozz le  and 
a sime t u r n i n g  f l a p  which was des igned  t o  approximate a t y p i c a l  
t a k e o f f  s e t t i n g .  Noise r e d u c t i o n  concepts  s t u d i e d  were (1) re-  
p l a c i n g  a s e c t i o n  of t h e  f l a p  t r a i l i n g  edge w i t h  a porous 
material  and ( 2 )  a c t i v e  m o d i f i c a t i o n  of  t h e  f low f i e l d  u s i n g  
blowing nea r  t h e  t r a i l i n g  edge. 

The b a s i c  f i n d i n g s  of  t h i s  s tudy  a re  summarized below: 

(1) The upper s u r f a c e  blown f l a p  (USB)  c o n f i g u r a t i o n  
e x h i b i t e d  s i g n i f i c a n t l y  d i f f e r e n t  far f i e l d  n o i s e  c h a r a c t e r i s t i c s  
t h a n  a n  under-the-wing EBF w i t h  comparable t h r u s t  (same e x i t  
v e l o c i t y  and a r e a ) .  The c h i e f  d i f f e r e n c e s  i n  t h e  rad ia ted  
n o i s e  were t h a t  t h e  USB spectrum peaked a t  lower f r e q u e n c i e s  
t h a n  t h e  EBF and t h e  o v e r a l l  l e v e l s  of t h e  USB were somewhat 
lower t h a n  t h e  EBF ( f o r  t h e  c o n d i t i o n s  s t a t ed  above ) .  

( 2 )  The s o u r c e  of  broad band n o i s e  on t h e  USB f l a p  was 
i d e n t i f i e d  to be t h e  i n t e r a c t i o n  of t h e  wall j e t  f low w i t h  t h e  
t r a i l i n g  edge of  t h e  t u r n i n g  f l a p .  

( 3 )  Replac ing  par t  of t h e  t r a i l i n g  edge w i t h  a porous 
i n s e r t  reduced t h e  red ia ted  n o i s e  o v e r  a broad frequency r ange  
by as much as 1 0  d B .  
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( 4 )  I n j e c t i o n  of secondary a i r  through a spanwise blowing 
slot n e a r  t h e  t r a i l i n g  edge reduced r a d i a t e d  n o i s e  over  a 
broad frequency r ange  by 3-6 dB. 
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I .  S t u d y  o f  B a s i c  U p p e r  S u r f a c e  B l o w i n g  C o n f i g u r a t i o n  

G e o m e t r y  a n d  L a y o u t  

A t u r n i n g  f l a p  was c o n s t r u c t e d  w i t h  a con tour  which r e p r e -  
s e n t e d  a smooth curve  ove r  upper  s u r f a c e s  of  t h e  EBF f l a p s  i n  
t h e  t a k e o f f  f l a p  s e t t i n g .  The t u r n i n g  a n g l e  ( t a n g e n t  t o  t h e  
upper  s u r f a c e  a t  t h e  t r a i l i n g  edge)  was 45'. A slot n o z z l e  
having  t h e  same e x i t  area as t h e  1 .75  i n c h  round nozz le  used 
i n  a p r e v i o u s  s tudy* of  t h e  3- f lap  EBF was f a b r i c a t e d . w i t h  an 
a s p e c t  r a t i o  o f  1O:l ( 5 "  wide  x 0 . 5 "  h i g h ) .  The nozz le  was 
i n i t i a l l y  l o c a t e d  i n  two p o s i t i o n s  as shown i n  F i g .  1. The 
p o s i t i o n  s e l e c t e d  f o r  d e t a i l e d  s tudy  was " P o s i t i o n  2", a f t e r  
a q u a l i t a t i v e  e v a l u a t i o n  of  t h e  f low t u r n i n g  performance of  
t h e  f l a p .  A removable s e c t i o n  of  t h e  t u r n i n g  f l a p  n e a r  t h e  
t r a i l i n g  edge a l lowed e v a l u a t i o n  of  i n s e r t a b l e  porous edges. 

The e x i t  v e l o c i t i e s  were v a r i e d  between 315 f p s  and 9 7 6  
f p s .  Acous t ic  (and aerodynamic) c h a r a c t e r i s t i c s  o f  t h e  f l a p  
s y s t e m  were e v a l u a t e d  i n  a n  anechoic  space .  High p r e s s u r e  a i r  
w a s  p rovided  b y  a 600 hp d i e s e l  eng ine  and a i r  compressor .  
(See F i g .  2 . )  The wing and f l a p  span was abou t  15 i n c h e s ,  
F i g u r e  3 shows t h e  view o f  t he  wing/ f lap /nozz le  s y s t e m  from 
"above t h e  wing". 

A e r o d y n a m i c  S t u d i e s  

Flow V i s u a l i z a t i o n  and Mean V e l o c i t y  P r o f i l e s :  To q u i c k l y  
assess t h e  n a t u r e  of  t h e  " w a l l  j e t "  f low over  t h e  t u r n i n g  f l a p ,  
a f low v i s u a l i z a t i o n  s tudy  u s i n g  a brush-on pigmented o i l  mix- 
t u r e  was conducted .  The r e s u l t s  are  shown i n  F i g s .  4a and 4b. 

w 
Hayden, R . E . ,  Kadman, Y .  and Chanaud, R.C., NASA CR 1 1 2 1 6 6  
(August 1 9 7 2 ) .  

3 



B o l t  B e r a n e k  a n d  i'lewman I n c .  

4 



an  C. 

5 









R e p o r t  No. 2478 B o l t  B e r a n e k  a n d  Ne n 

The w a l l  j e t  f low remained a 
of t h e  j e t .  The f r e e  s h e a r  r e g i o n s  a long  t 
were observed  t o  "roll up" and move toward 
i n c r e a s i n g  downstream d i s t a n c e  over  t h e  con 
i n t e n s e  p a i r  of  "stream-wise" v o r t i c e s  e x i s  
edges of  t h e  f low and w e l l  above t h e  s u r f a c e ,  a l though  t h i s  
h igh  energy  f low fo l lowed t h e  t u r n i n g  a n g l e  o f  t h e  f l a p .  F i g u r e  
5 shows s t e a d y - s t a t e  v e l o c i t y  p r o f i l e s  a long  t h e  c e n t e r l i n e  of  
t h e  f low.  (Curves a r e  a l s o  shown f o r  t h e  c a s e  where a s e c t i o n  o f  
t h e  f l a p  was r e p l a c e d  w i t h  a porous i n s e r t  o f  about  0 . 2  pc f low 
r e s i s t a n c e . )  F i g u r e  6 s u p p o r t s  t h e  concept  t h a t  i n  a symmetric 
p a i r  of  h i g h  v e l o c i t y  r e g i o n s  e x i s t  w e l l  away from t h e  c e n t e r -  . 
l i n e  and above t h e  s u r f a c e  i n  t h e  v i c i n i t y  of t h e  t r a i l i n g  edge.  
No a t t empt  was made t o  c o r r e c t  t h e s e  measurements for non-axia l  
v e l o c i t y  components; t h u s  t h e  r e l a t i v e  magnitudes of  t h e  v e l o c i t i e s  
r e p o r t e d  should  be r ega rded  only  as i n d i c a t i v e  o f  t r e n d s .  

-. 

- 
ic 

Turbulence Measurements: P r o f i l e s  of r m s  t u r b u l e n c e  i n t e n s i t y  
were ob ta ined  u s i n g  a s i n g l e  ho t  w i re  probe and a t r a v e r s i n g  
mechanism. The r e s u l t s  are  shown f o r  a number of  s t reamwise and. 
spanwise l o c a t i o n s  ( F i g s .  7 and 8 r e s p e c t i v e l y ) .  The t u r b u l e n c e  
l e v e l s  a r e  normalized wi th  r e s p e c t  t o  l o c a l  maximum mean v e l o c i t y  
( U L m ) .  
e v i d e n t  i n  t h e  s u r f a c e  s h e a r  l a y e r  as w e l l  as r e l a t i v e l y  i n t e n s e  
f l u c t u a t i o n s  i n  t h e  f r e e  shear r e g i o n  o f  t h e  w a l l  j e t .  I n  F i g .  
8 ,  i t  i s  appa ren t  t ha t  such i n t e n s e  near -wal l  f l u c t u a t i o n s  e x i s t  
p r i m a r i l y  a t  spanwise l o c a t i o n s  r e l a t i v e l y  c l o s e  t o  t h e  c e n t e r -  
l i n e .  A t  d s t a n c e s  f u r t h e r  t h e  s u r f a c e ,  h igh  i n t e n s i t y  
v e l o c i t y  f l  t i o n s  e x i s t  - c e n t e r l i n e  r e g i o n s  wi th  
v a r i a t i o n s  between d i f f e r e n t  p o s i t i o n s  o c c u r r i n g  i n  a very  complex 
manner. Very i n t e n s e  f l u c t u a t i o n s  were observed a t  t h o s e  v e r t i c a l  
h e i g h t s  ( y / h )  and spanwise d i s t a n c e s  roughly  cor responding  t o  

I n  F i g .  7 ,  t h e  i n t e n s e  v e l o c i t y  f l u c t u a t i o n s  are  most 

9 
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t h o s e  p o s i t i o n s  i n  F i g .  6 where h igh  s teady s t a t e  v e l o c i t i e s  
were found o f f  t h e  c e n t e r l i n e .  

Acoustic Characteristics 

The f a r  f i e l d  sound c h a r a c t e r i s t i c s  o f  t h e  unmodified nozz le /  
f l a p  s y s t e m  are summarized i n  F i g s .  9 and 1 0 .  F i g u r e  9 shows t h e  
speed dependence of t he  specbrum l e v e l s  and f requency  c o n t e n t .  
The o v e r a l l  l e v e l s  s h i f t  from a U6 dependence a t  very  low speeds  
t o  a U 4  dependence a t  i n t e r m e d i a t e  speeds  and t h e n  toward a U6 
dependence a t  h i g h e s t  speeds .  No de ta i led  i n v e s t i g a t i o n  of  t h i s  

phenomena has  been made; however, it i s  e v i d e n t  t h a t  t h e  low 
f requency  peak dominates  t h e  o v e r a l l  l e v e l s  a t  low speeds  and 
s h i f t s  t o  a U 4  dependence a t  U, > 400 f p s .  
band p a r t  of  t h e  spectrum a t  h igh  f r e q u e n c i e s  r i ses  a t  U 6  

th roughout  t h e  speed r ange .  Due t o  t h e  complexi ty  of t h e  f low 
f i e l d  and b r i e f  n a t u r e  of t h e  c u r r e n t  s t u d y ,  it i s  imposs ib l e  

- 
The o t h e r  broader -  

a t  t h i s  s t a g e  t o  f u l l y  e x p l a i n  t h e  v a r i o u s  comDonents of  t h e  

t o t a l  spectrum. 

The d i r e c t i v i t y  from t h e  b a s i c  f l a p  i s  of  t h e  c a r d i o i d - l i k e  
p a t t e r n  w i t h  t h e  n u l l  a l i g n e d  w i t h  f l a p  p l a n e  a t  t h e  t r a i l i n g  
edge,  a s  shown i n  F i g .  9 .  It i s  thought  t h a t  c o n s i d e r a b l e  h igh  
f requency  n o i s e  ar ises  from t h e  l i p  of t h e  s l o t  nozz le  and r a d i -  
a t e s  l i k e  a t r a i l i n g  edge s o u r c e ,  a l though  p r i m a r i l y  i n t o  t h e  
space  above t h e  wing. 

The sound s p e c t r a  f o r  the  upper s u r f a c e  blown f l a p  (USB) i s  
compared w i t h  t he  under-the-wing EBF ( 3 - f l a p  v e r s i o n )  - bo th  i n  
t h e  t a k e o f f  f l a p  s e t t i n g  - i n  F ig .  11. The e x i t  v e l o c i t i e s  and 
o b s e r v a t i o n  p o i n t s  were i d e n t i c a l  i n  bo th  c a s e s ,  a s  were t h e  

eas. It i s  e v i d e n t  t h a t  t h e  radiated sound from t h e  USB 
f l a p  system i s  lower i n  ampl i tude  t h a n  t h e  EBF a t  h igh  f r e q u e n c i e s  
and,  s i n c e  t h e  spectrum i s  s h i f t e d  toward low f r e q u e n c i e s ,  h i g h e r  ’ 

i n  ampl i tude  a t  low f r e q u e n c i e s .  The e f f e c t  o f  t h e s e  f a c t o r s  on 
, 
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community noise criteria (such as PNL or dBA) will favor the 
USB flap concept if velocities do not have to be raised signifi- 
cantly to achieve aerodynamic performance equal to the EBF. 
However, the low frequency peak associated with the USB will 
produce substantial interior noise problems and possibly objection- 
able sound-induced structural vibration of  both the aircraft and 
buildings near the flyover path. 

S u r f a c e  Pressure C o r r e l a t i o n s  and L o c a t i o n  o f  Sound Sources  

Pressure cross correlation measurements were performed to 
evaluate the eddy length scales and to isolate the predominate 
sound producing area of the flap. The former task involves 
correlation of two suf-face-mounted pr'essure sensors and the 
latter correlation between a surface mounted pressure sensor 
(moved to various positions on the flap) and a free field 
microphone. 

Eddy S c a l e s  

Two BBN 0 . 1  inch diameter flush mountable piezoelectric 
pressure sensors were mounted at various positions in the flap 
to determine eddy scales and, when correlated with the f a r  
field sound, to locate the sound sources along the flap chord 
and span. 

The sensor array is shown in Fig. 12 (hole diameters not 
to scale). The spanwise eddy scales were determined by moving 
the sensors with respect to the centerline at two chordwise 
locations ("M" Row and "TI' Row in Fig. 12). Figures 13A and 
13B show the results of these measurements in a normalized 
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fashion for various frequencies.* As expected, higher frequencies 
are characterized by smaller integral eddy correlation lengths. 
The correlation curves for the "T" Row (i.e. , near the trailing 
edge) are somewhat different than for the "M" Row which is 
further upstream. A partial explanation f o r  this may be found 
in previous data on t h e  flow field characteristics (i.e., the 
"core" shrinks quickly near the trailing edge as was evident 
in the flow visualization photos, Figs. 4A and 4B, and the 
velocity profiles in Fig. 6 ) .  Furthermore, the "T" Row is in 
the hydrodynamic near field of  the trailing edge sound source 
which may tend to give apparent eddy scales larger than those 
due to the convective field alone. 

L o c a t i o n  o f  Sound Sources  

The dominant sound-producing of the flap was located using 
cross-correlation between flap surface pressure (p,) arid far 
field sound pressure (p,) at a time delay ( T ~ )  corresponding to 
the acoustic propagation time over the far field microphone 
distance, r ( T ~ ?  
correlations are normalized with respect to the product of the 
r.m.s. surface and far field pressures. Thus, magnitude of  

the normalized cross-correlation is a measure of how much 
sound originates from a particular location on the surface. 
When this analysis is performed in relatively narrow bandwidth 
(octaves were chosen here), one may locate the source of the 
various components of the far field sound spectrum. 

r/co where c o  is the sound speed). The 

Q 
p, = surface pressure at sensor 1 

= surface pressure at sensor 2 E2 = time 
Î = time delay 
C = normalized cross correlation coefficient 

2 2  
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Such a n  a n a l y s i s  was performed on t h e  USB t u r n i n g  f l a p  
d e s c r i b e d  e a r l i e r  f o r  an e x i t  v e l o c i t y  o f  800 f p s .  The f r e e  
f i e l d  microphone was l o c a t e d  below t h e  f l a p  and t h e  s u r f a c e  
p r e s s u r e  s e n s o r s  measured the  p r e s s u r e  on the  upper s u r f a c e .  
The  r e s u l t s  are summarized i n  F i g s .  1 4  and 15. I n  F i g ,  1 4 ,  
t h e  c o r r e l a t i o n  c o e f f i c i e n t s  are shown as a f u n c t i o n  of  f requency 
and d i s t a n c e  from t h e  t r a i l i n g  edge. A s  expec ted ,  t h e  h igh  

f r e q u e n c i e s  s o u r c e s  are l o c a t e d  very c l o s e  t o  t h e  t r a i l i n g  
edge and t h e  low f requency  components d i s t r i b u t e d  over  a l a r g e r  
a r e a .  It i s  i n t e r e s t i n g  t o  n o t e ,  however, t ha t  the  low f r e q u e n c i e s  
and broad band c o r r e l a t i o n s  bo th  have maximum v a l u e s  n e a r  t h e  

t r a i l i n g  edge.  F i g u r e  15 shows c o r r e l a t i o n  between s u r f a c e  p re s -  
s u r e  and fa r  f i e l d  sound t a k e n  a t  spanwise l o c a t i o n s  0 . 2 5  inches  
from the  t r a i l i n g  edge ("T" Row). The h igh  f r e q u e n c i e s  seem t o  
b e  c o n c e n t r a t e d  a l o n g  t h e  c e n t e r l i n e  of t h e  f low w h i l e  lower 
f r e q u e n c i e s  and t h e . b r o a d  band c o r r e l a t i o n s  show a d d i t i o n a l  
peaks a t  spanwise d i s t a n c e s  cor responding  t o  t h e  " ro l led-up"  
v o r t i c e s  which were e v i d e n t  i n  t h e  f low v i s u a l i z a t i o n  and 
v e l o c i t y  measurements. 

From these measurements, one can e a s i l y  s e e  t h a t  n o i s e  con- 
trol of  t h e  USB could b e  accomplished by  t r e a t m e n t  of  t h e  t r a i l i n g  
edge r e g i o n  - e i t h e r  th rough modifying t h e  f low f i e l d  o r  t h e  
a c o u s t i c  t r a n s d u c t i o n  p rocess  through which hydrodynamic p r e s s u r e  
f l u c t u a t i o n s  are conver ted  i n t o  sound. The  remainder  of  t h i s  

r e p o r t  i s  devoted t o  a summary of t h e  r e s u l t s  of  (1) t rea t5 .ng  t h e  

t r a i l i n g  edge r e g i o n  w i t h  a porous i n s e r t  and ( 2 )  i n j e c t i o n  of  

secondary a i r  nea r  t h e  t r a i l i n g  edge.  

2 3  
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11. P o r o u s  T r a i l i n g  Edge  St& 

R s e c t i o n  of t h e  t r a i l i n g  edge of t h e  f l a p  ( 2 . 5  i n c h e s  x 

8 i n c h e s )  was removed and r e p l a c e d  w i t h  porous i n s e r t s  - one 
be ing  simply a porous sheet of about  0 . 2  pc f low r e s i s t a n c e  w i t h -  

o u t  any backing ,  and t h e  o t h e r  be ing  t h e  same porous sheet  w i t h  

an  a i r  c a v i t y  behind i t  having t h e  shape of  t h e  o r i g i n a l  f l a p  
s e c t i o n .  The second c o n f i g u r a t i o n  had a s o l i d  backing  p l a t e  
which fo l lowed t h e  con tour  of t h e  lower f l a p  s u r f a c e  up to about  
0 . 2 5  i n .  from t h e  t r a i l i n g  edge where a h i g h l y  porous "spacer"  
connected t h e  s o l i d  backing  to t h e  porous upper  f l a p  s u r f a c e .  

N o i s e  R e d u c t i o n  

The n o i s e  r e d u c t i o n  achieved  w i t h  b o t h  c o n f i g u r a t i o n s  was 
a p p r e c i a b l e .  F igu re  1 6  g i v e s  normalized s p e c t r a  of  t h e  sound 
r a d i a t e d  below t h e  wing and i n  t h e  "forward" d i r e c t i o n  ( i . e . ,  
150' from the  j e t  a x i s )  for t h e  b a s i c  f l a p  conf i .gura t ion  and 
t h e  two porous t r a i l i n g  edge c o n f i g u r a t i o n s .  It i s  encouraging  
tha t  t h e  n o i s e  r e d u c t i o n  i s  g r e a t e s t  below t h e  wing f o r  t h e  c a s e  
where a s o l i d  backing  is  used behind t h e  porous i n s e r t .  T h i s  
c o n f i g u r a t i o n  i s  thought  to have very minimal aerodynamic l o s s e s  
s i n c e  s t e a d y  s t a t e  through-flow i s  e s s e n t i a l l y  b locked .  O f  

f u r t h e r  s i g n i f i c a n c e  i s  t h e  r e d u c t i o n  of t h e  low f requency n o i s e  
"at t h e  source"  s i n c e  t h i s  n o i s e  would o the rwise  be  extremely 
t roublesome i n  c a b i n  i n t e r i o r s  and on t h e  ground.  

The n o i s e  r e d u c t i o n  was a l s o  found to be no t  s t r o n g l y  
dependent upon t h e  o b s e r v a t i o n  a n g l e  as shown i n  F i g .  1 0 .  The 

5 KHz n o i s e  above t h e  wing i s  n o t  s t r o n g l y  i n f l u e n c e d  by t h e  

porous f l a p .  T h i s  i s  thought  t o  be  p a r t l y  due to l i p  n o i s e  from 
t h e  slot nozz le  and p a r t l y  from r a d i a t i o n  f r o m  t h e  so l id /po rous  
i n t e r f a c e  where t h e  impedance d i s c o n t i n u i t y  p r e s s u r e  f i e l d  was 
s t i l l  l a r g e  enough to cause  sound r a d i a t i o n  from t h a t  j u n c t i o n ,  

26 
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T h i s  h y p o t h e s i s  ?:as i n v e s t i g a t e d  u s b g  c o r r e i a t l o n  t e c h n i q u e s ,  
wherein a 0.1" p r e s s u r e  s e n s o r  was t reated a t  s e v e r a l  p o s i t i o n s  
i n  t he  porous f l z p  (no s o l i d  back ing)  and s u r f a c e  p r e s s u r e s  
co r re l a t ec !  w i t h  f a r  f i e l d  sound. These r e s u l t s ,  g i v e n  i n  F i g .  
1 4 ,  show t h a t  t h e  h igh  f requency  p r e s s u r e s  n e a r  t h e  t r a i l i n g  
edge are less s t r o n g l y  c o r r e l a t e d  w i t h  t h e  f a r  f i e l d  t h a n  i n  
t h e  s o l i d  f l a p .  I n  f a c t ,  t h e  o n l y  s i g n i f i c a n t  c o r r e l a t i o n  i n  
t h e  8 K H z  band comes n e a r  t h e  s o l i d / p o r o u s  j u n c t i o n  (which was 
2.5 i n c h e s  from t h e  t r a i l i n g  e d g e ) .  T h i s  o b s e r v a t i o n  s u g g e s t s  
t h a t  some t y p e  of g r a d u a l  impedance change from s o l i d  t o  very  
porous would provide  min'imal " s c a t t e r i n g "  such  as observed  i n  
t h e  8 KHz band h e r e ,  and t h u s  o p t i m i z e  n o i s e  r e d u c t i o n .  

E f f e c t  o n  F l o w  F i e l d  

Steady Component: The p o m u s  f l a p  (no  a i r  gap) was s t u d i e d  

f i e l d  nea r  t h e  t r a i l i n g  edge .  As shown i n  F i g .  5 ,  t n e  c e n t e r -  
l i n e  p l - o f i l e s  of  mean v e l o c l t y  were found t o  be s l i g h t l y  changer? 
by  t h e  a d d i t i o f i  of t h e  porous f l a p ,  w i t h  t h e  maximum l o c a l  v? l@ci tY  
b e i n g  reduced  s l i g h t l y  and t h e  d i s t a n c e  from t h e  s u r f a c e  t o  t h e  
p o i n t  of  maximurn i o c a l  v e l o c i t y  i n c r e a s i n g  s l l g h t l y .  T h i s  e f f e c t  
i s  als9 r e f l e c t e d  i n  t h e  spanwise p r o f i l e s  c f  m i a l  t e l o c l t y  
shown i n  F i g .  6 a t  v a r i o u s  d i s t a n c e s  from t h e  f l a p  s u r f a c e .  
However, i n  F i g .  6 ,  t h e  p r o r i l e  f o r  y /h  = 3 . 0  shows a s u S s t a n t i a 1  
i n c r e a s e  i n  a x i a l  v e l o c i t y  2 t  spali tr ise l o c a t i o n s  between k O . 2 5  I n .  
and i 1.75 i n .  f r o x  t h e  c e n t e r f i n e  o f  t h e  flow. Thus, t h e  t o t a l  
momentum f l u x  through t h e  t u r n i n g  a n g l e  might well b e  t h e  same 
f o r  the two c a s e s .  

Unsteady F lox  Components : P r o f i l e s  of  r .m. s t u r b u l e n c e  
i n t e n s i t y  were measured i n  t h e  p l a n e  normal t o  t h e  f l a p  s u r f a c e  
a l o n g  t h e  f low c e n t e r l i n e  and i n  t h e  spanwise  d i r e c t i o n  a t  

28 
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various distances from the flap surface near the trailing edge. 
Figure 7 compares the r.m.s. intensity profiles with those for 
the unmodified flap at two chordwise positions near the trailing 
edge. Upstream of the edge (x/h = 14), the intensity near the 
surface is increased by the porous flap, but only slightly. (The 
actual values of fluctuating velocity were almost identical when 
normalized to exit velocity, but the intensities shown in Fig. 7 
are normalized with respect to maximum local velocity.) At the 
trailing edge, the solid flap had a slightly greater local tur- 
bulence intensity than the porous flap, while the location of 
the peak was further from the surface in the case of the porous 
flap. In all cases, the outer (free) shear layer turbulence 
intensities are roughly comparable. 

Figure 8 compares spanwise profiles of r.m.s. turbulence 
intensities (axial component) for various heights above the 
surface and the two flap surface conditions described above. 
These traverses were all taken in the immediate vicinity of the 
trailing edge (x/h =: 15). In general, the turbulence intensities 
were reduced by the porous flap, but only slightly and not enough 
to account directly for the noise reduction observed. Some 
significant reductions were observed in the "axial-vortex" region, 
but the pattern of change is very complex and a more detailed 
explanation is beyond the scope of this study. 

Correlation Lengths: A brief investigation of the eddy 
correlation lengths on the porous portion of the flap was 
carried out using techniques previously described. These re- 
sults are summarized in Figs. 13A and 13B and compared with 
comparable data f o r  the solid flap. In Fig. 13A, the spanwise 
correlations in the porous flap upstream of the edge are seen 
to be comparable to those in the solid flap at low frequencies 
and smaller at high frequencies. However, at the edge (Fig. 13B), 

I 
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t h e  low f requency  c o r r e l a t i o n s  seem to b e  s l i g h t l y  l a rger  i n  
t h e  porous f l a p  t h a n  in t h e  s o l i d  f l a p ,  w i t h  h i g h  f r e q u e n c i e s  
b e i n g  q u i t e  comparable f o r  t h e  two c a s e s .  Due to t h e  p r e l i m i n a r y  
n a t u r e  of t h i s  s u r v e y ,  no meaningfu l  c o n c l u s i o n s  can be  drawn, 
b u t  i t  appears t h a t  t h e  porous insert does n o t  s i g n i f i c a n t l y  
a f f e c t  the eddy scales of  t h e  turbulent w a l l  j e t  f lowing  over  
it. 
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I I I .  T r a i  1 i n,g Edge Bl,owi.ng, Study 

S u mm a.r y 

A p r e l i m i n a r y  expe r imen ta l  s tudy  has  been performed t o  
measure t h e  sound r e d u c t i o n  c h a r a c t e r i s t i c s  f o r  an  upper  s u r f a c e  
blowing a i r f o i l  w i t h  secondary a i r  blowing from a slot nea r  
t h e  a i r f o i l  t r a i l i n g  edge. With secondary a i r  p r e s s u r e  of  
up t o  2 4  i n c h e s  H,O,  f a r  f i e l d  sound r e d u c t i o n s  of  3 .5  to 5.5  
d B  were achieved  a t  h igh  f r e q u e n c i e s  ( e . g . ,  4000 Hz model s c a l e )  
and 2 t o  3 d B  a t  t h e  peak of t h e  spectrum (approximate ly  630 Hz 
model s c a l e ) .  Su r face  p r e s s u r e s  n e a r  t h e  t r a i l i n g  edge showed 
g r e a t e r  r e d u c t i o n s  ( 6 . 5  d B  a t  t h e  h i g h e r  f r e q u e n c i e s )  t h a n  t h o s e  
i n  t h e  fa r  f i e l d .  T h i s  r e s u l t ,  t o g e t h e r  w i t h  changes i n  t h e  
c r o s s  c o r r e l a t i o n  between s u r f a c e  and far  f i e l d  p r e s s u r e s ,  
i n d i c a t e s  t h a t  sound i s  be ing  gene ra t ed  upstream as w e l l  as 
downstream of  t h e  slot, perhaps a t  t h e  s l o t  l i p .  Hence, i t  i s  
recommended t h a t  f u r t h e r  s t u d i e s  be performed to e x p l o r e  t h e  
use  o f  a secondary blowing system which h a s  a chordwise d i s t r i b u -  
t i o n  of secondary a i r  through a d d i t i o n a l  slots, h o l e s ,  porous 
s k i n ,  e t c .  

T e s t  S e t u p  

A model s c a l e  a i r f o i l  was c o n s t r u c t e d  to r e p r e s e n t  a n  upner 
s u r f a c e  blowing wing-f lap system i n  t a k e o f f  c o n f i g u r a t i o n  ( F i g .  
1 7 ) .  The a i r f o i l  had a span  of 1 2  i n c h e s  and a r e c t a n g u l a r  j e t  
nozz le  w i t h  d imensions 5 i n c h  x 0 .5  i n c h  was p o s i t i o n e d  c l o s e  
to t h e  upper s u r f a c e  of t h e  a i r f o i l .  A h o l e  was d r i l l e d  i n  t h e  

a i r f o i l ,  between t h e  secondary blowing slot and t h e  f l a p  t r a i l i n g  
edge, s o  t h a t  a t r a n s d u c e r  (B & K 1/8-inch diameter microphone) 
could  b e  mounted w i t h  i t s  diaphragm f l u s h  wi th  t h e  upper s u r f a c e  
of t h e  a i r f o i l .  
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Acous t ic  measurements were performed i n  an  anechoic  chamber, 
except  i n  t h e  i n i t i a l  checkout phase when t h e  far f i e l d  a c o u s t i c  
r a d i a t i o n  f o r  t h e  j e t  nozz le  a l o n e  was measured i n  a r e v e r b e r a n t  
room. 

Sound f.rom J e t  ,and T u r n i n g  F l a p  

The f a r  f i e l d  sound from t h e  j e t  blowing over  t h e  t u r n i n g  
f l a p  was measured f o r  s e v e r a l  slot geomet r i e s ,  w i t h  and wi thou t  
secondary blowing. I n  some c a s e s  when t h e r e  was no secondary 
blowing,  t h e  slot was s e a l e d  w i t h  t a p e  bu t  i n  o t h e r  c a s e s  t h e  

s l o t  remained unsea led .  

Acous t ic  s p e c t r a  f o r  two s l o t  geometr ies  are shown i n  F igs .  

18-20,  I n  F i g s ,  18  and 19, the slot gap i s  0 . 0 5  i n c h  and i t  
i s  l o c a t e d  0 . 3  i n c h  upstream of  t h e  f l a p  t r a i l i n g  edge.  I n  
F i g .  2 0 t h e  gap i s  0 . 1 0  i n c h  and t h e  slot i s  0 . 7 5  i n c h  upstream 
of t h e  t r a i l i n g  edge. For  bo th  examples t h e  microphone was 
l o c a t e d  approximate ly  20  i nches  from t h e  t r a i l i n g  edge,  a t  an 
a n g l e  of goo,  and t h e  e x i t  Mach number o f  t h e  pr imary j e t  was 
0 . 5 .  The s p e c t r a  peak a t  f r e q u e n c i e s  i n  t h e  range  500-630 Hz, 
which i s  much lower t h a n  t h e  cor responding  r ange  f o r  t h e  j e t  
a l o n e .  

F i g u r e s  18-20 show t h e  a c o u s t i c  clianges a s s o c i a t e d  w i t h  
t h e  i n t r o d u c t i o n  of secondary a i r .  The fo l lowing  o b s e r v a t i o n s  
can be made: 

1) When the re  i s  no blowing, t h e  s i z e  of  t h e  s l o t  has l i t t l e  
o r  no e f f e c t  on t h e  fa r  f i e l d  n o i s e  except  a t  low f re -  
quenc ie s  ( l e s s  t h a n  160 Hz model s c a l e )  when t h e  b i g g e r  
s l o t  causes  a n  i n c r e a s e  i n  t h e  r a d i a t e d  sound. With 

the  0 .05  i n c h  slot and no secondary blowing,  s e a l i n g  
t h e  slot has at most a 1 d B  e f f e c t  on t h e  f a r  f i e l d  sound. 
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Secondary  b lowing  r e d u c e s  t h e  f a r  f i e l d  sound i n  m i d  

and  h i g h  f r e q u e n c y  r a n g e s ,  t h e  e f f e c t  b e i n g  greater  a t  
t h e  h i g h e r  f r e q u e n c i e s .  A t  t h e  peak  f r e q u e n c i e s  i n  t h e  

s p e c t r a ,  b lowing  r e d u c e s  t h e  f a r  f i e l d  n o i s e  by  2 to 3 
d B ,  and  a t  h i g h e r  f r e q u e n c i e s  t h e  sound r e d u c t i o n  i s  
3 . 5  to 5.5  d B .  

The g r e a t e s t  sound r e d u c t i o n  o c c u r s  w i t h  t h e  l a r g e s t  
slot gap and  t h e  l a r g e s t  s e p a r a t i o n  be tween slot and 
t r a i l i n g  e d g e .  However, w i t h  t h e  c u r r e n t  small s c a l e  
model ,  o p t i m i z a t i o n  o f  t h e  s e c o n d a r y  a i r  s y s t e m  i s  
d i f f i c u l t .  

The sound r e d u c t i o n  i n c r e a s e s  w i t h  p r e s s u r e  o f  s e c o n d a r y  
a i r  ( a t  l e a s t  up to 24 i n c h e s  H,O) b u t  t h i s  h i g h  pres -  

s u r e  c o n d i t i o n  c a u s e s  a small i n c r e a s e  i n  t h e  n o i s e  a t  
v e r y  low f r e q u e n c i e s  ( l e s s  t h a n  1 0 0  Hz model s c a l e ) .  

S u r f a c e  P r e s s u r e  F l u c t u a t i o n s  

I n  c o n j u n c t i o n  w i t h  t h e  f a r  f i e l d  a c o u s t i c  measurements  i n  
F i g s ,  18-19 ,  s u r f a c e  p r e s s u r e  f l u c t u a t i o n s  were measured on the 

f l a p  be tween t h e  slot and t h e  f l a p  t r a i l i n g  edge .  O n e - t h i r d  
o c t a v e  band data  a re  p r e s e n t e d  i n  F i g .  2 1  f o r  a Mach number o f  
0 . 5  a t  t h e  p r i m a r y  j e t  n o z z l e .  The s p e c t r a l  shape  i s  d i f f e r e n t  
from t h a t  f o r  t h e  f a r  f i e l d ,  i n  t ha t  t h e  s p e c t r u m  peaks  o c c u r  i n  
t h e  f r e q u e n c y  r ange  2000-4000 Hz ra ther  t h a n  500-630 Hz. 

C e r t a i n  t r e n d s  o b s e r v e d  i n  t he  far  f i e l d  a c o u s t i c  data f o r  
t h e  uppe r  s u r f a c e  b lowing  ( F i g s .  1 8 a n d  2 0 )  can  b e  s e e n  i n  t h e  
s u r f a c e  p r e s s u r e  s p e c t r a  b u t  t h e  magn i tudes  o f  t h e  changes  a re  
now g r e a t e r .  S e a l i n g  t h e  gap a p p e a r s  t o  i n c r e a s e  t h e  l o c a l  low 
f r e q u e n c y  p r e s s u r e s  b u t  t h i s  i s  p r o b a b l y  a s p u r i o u s  e f f e c t  caused  
by t h e  method of  s c a l i n g .  Secondary  b lowing  r e d u c e s  t h e  s u r f a c e  
p r e s s u r e  f l u c t u a t i o n s  t h r o u g h o u t  t h e  f r e q u e n c y  r a n g e ,  e x c e p t  a t  
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the high secondary air pressure when the low frequency pressure 
fluctuations show an increase. At intermediate pressures f o r  
the secondary air, the reductions in the surface pressure fluctua- 
tions near the trailing edge vary from 2 dB at low frequencies 
to 6.5 dB at high frequencies. 

P r e s s u r e  C o r r e l a t i o n s  

Maximum cross correlations between the surface and far field 
pressures were measured in the two octave bands centered at 1000 
Hz and 8000 Hz, the test condition being the same as f o r  the data 
in Figs. 19and 21. Normalized cross correlation coefficients are 
shown in Fig.22where it is seen that the secondary air has no 
significant effect on correlation at 1000 Hz but reduces the 
correlation at 6000 Hz to about one-half of the value f o r  no 
blowing. Thus, at high frequencies, the pressure fluctuations 
downstream of the slot are associated with a smaller percentage 
of the far field pressures when there is secondary blowing than 
when there is no blowing. Conversely, when there is secondary 
blowing the pressure fluctuations on the turning flap surface 
immediately upstream of the blowing s l o t  become more important 
in determining the far field acoustic radiation. 

C o n c l u s i o n s  and Recommendations 

Blowing of secondary air f r o m  a slot in the upper surface 
of the turning flap near the trailing edge of the flap, can 
reduce the far field noise o f  an upper surface blowing system 
by at least 5.5 dB at certain frequencies. As a consequence 
of the secondary blowing, sources "upstream" of the blowing s l o t  
assumes greater importance in determining the far field sound 
levels. Thus it is recommended that further studies be per- 
formed to investigate 
blowing through holes 
reduction achieved in 

the use of  multislots, or of distributed 
or porous surfaces, to maximize the noise 
the far field. 
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